Background: Influenza causes considerable morbidity and mortality in China, but its impact on the health-related quality of life (HRQoL) has not been previously measured. Methods: We conducted a retrospective telephone survey to assess the impact of influenza on the HRQoL among outpatients and inpatients using the EuroQoL EQ-5D-3 L instrument. Participants were individuals with laboratoryconfirmed influenza infection registered by the National Influenza-like-illness Surveillance Network in 2013. Results: We interviewed 839 of 11,098 eligible influenza patients. After excluding those who were unable to complete the HRQoL for the registered influenza episode, 778 patients were included in the analysis. Both outpatients (n = 529) and inpatients (n = 249) most commonly reported problems with pain/discomfort (71.8% of outpatients and 71.9% of inpatients) and anxiety/depression (62.0% of outpatients and 75.1% of inpatients). For individual influenza outpatients, the mean health utility was 0.6142 (SD 0.2006), and the average quality adjusted life days (QALD) loss was 1.62 (SD 1.84) days. The HRQoL of influenza inpatients was worse (mean health utility 0. 5851, SD 0.2197; mean QALD loss 3.51 days, SD 4.25) than that of outpatients (p < 0.05). The presence of underlying medical conditions lowered the HRQoL for both outpatients and inpatients (p < 0.05). Conclusions: Influenza illness had a substantial impact on HRQoL. QALD loss due to an acute influenza episode in younger children was comparable to that due to enterovirus A71-associated hand, foot and mouth disease. Our findings are key inputs into disease burden estimates and cost-effectiveness evaluations of influenza-related interventions in China.
Background
Influenza virus causes substantial morbidity and mortality in China, with an estimated 115-142 hospitalizations associated with severe acute respiratory infections (SARI) per 100,000 population, and 7.0-14.3 influenza associated respiratory and circulatory excess deaths per 100,000 persons every year [1, 2] . The World Health Organization recommends influenza vaccination for reducing influenza burden [3] , but China has yet to implement a nationwide influenza vaccination programme for any risk group. To inform such a decision, the vaccine-preventable burden of influenza will need to be evaluated against other diseases with interventions that are competing for health care resources.
Previous reports have estimated influenza incidence and mortality, but none of them have investigated the impact of influenza on health-related quality of life (HRQoL) in China. HRQoL measures such as quality adjusted life years combine measures of morbidity and mortality into a single unit, hence enabling comparisons between diseases of varying incidence and severity. This information will be useful for parameterizing comparative analysis of interventions for influenza.
HRQoL can be measured using generic preferencebased instruments such as the EuroQoL EQ-5D [4] . Two recent systematic reviews of studies measuring HRQoL associated with influenza [5, 6] had identified only seven original studies. The number of quality adjusted life days (QALDs) lost as a result of a single influenza episode (measured as 1/365 × quality adjusted life years lost) across these studies ranged widely between 1.68-17.34. None of the reviewed studies was conducted in China. HRQoL measurements from other countries is unlikely to be directly applicable in China because the utilities associated with different health states are likely to be influenced by cultural perceptions and preferences [7, 8] .
To address this evidence gap, we conducted a survey to estimate the QALDs losses as a result of a single influenza episode resulting in either outpatient or inpatient hospital attendance. This provides essential information for decision makers to understand the magnitude of influenza burden in China compared to other diseases and evaluate interventions such as vaccination.
Methods
A telephone investigation was conducted from 25 December 2013 to 11 January 2014 among influenza patients registered in the National Influenza-likeillness Surveillance Network (ILINet) in China. The survey was performed alongside a parallel survey among the same participants on the economic cost of influenza illness [9] . Participants were laboratoryconfirmed influenza patients with landline or mobile phone numbers registered in the ILINet in 2013. We solicited the demographic (e.g. name, age, gender, address), clinical (e.g. date of onset, hospital visit date) and virological detection details of each patient from ILINet.
ILINet is a network of 408 provincial-and prefecturelevel Centers for Disease Control and Prevention and 554 sentinel hospitals situated in 31 provinces [10] . It was established to monitor the activity, antigenic and genetic changes in seasonal influenza viruses in China. Specimens are then tested for influenza virus using cell culture and/ or reverse transcription polymerase chain reaction (RT-PCR). Positive influenza specimens are typed and subtyped using RT-PCR. Assay kits and protocols follow guidelines released by the Chinese National Influenza Centre (a World Health Organization Collaborating Centre for Reference and Research on Influenza).
EQ-5D instrument and telephone survey
The EuroQoL EQ-5D-3 L (hereafter just "EQ-5D") is a widely used generic instrument for measuring nondisease-specific HRQoL. It comprises of a visual analogue scale (VAS) and a descriptive system. The VAS records the health status on a scale between zero (the worst imaginable health state) and 100 (the best imaginable health state). The EQ-5D descriptive system defines health in five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension has three categories: no problems, some problems and extreme problems. The health states defined by EQ-5D descriptive system can be converted into a numerical health utility score using country-specific value sets, by eliciting choices between different health states from each country's populations, with zero representing death and one representing full health [4] . Negative values correspond to states considered to be less preferred than death.
We used the EQ-5D telephone interview version in simplified Chinese [11] for adult patients (aged 16 years and above) who could be reached by telephone. For patients younger than 16 years old and other patients for whom only the contact information of a caregiver was available, we used a slightly altered EQ-5D proxy version [11] (telephone-based proxy version: proxy 2, in which their caregivers were asked to rate how they believed the patients would rate their own HRQoL; available on request). For children younger than 18 months, the mobility and self-care dimensions were not scored because not all young children at these ages are able to walk and all of them are unable to care for themselves [12] . For these participants, the mobility and self-care dimensions were both given the value of "no problems" in the baseline analysis and "extreme problems" in a sensitivity analysis.
The telephone survey was conducted as follows: after obtaining verbal informed consent, a trained interviewer verified the respondent's basic information recorded in the surveillance systems, including her/his name, age, gender, and the date of onset of illness. If verified and if the respondent was able to recall the influenza episode, the respondent was asked to complete the EQ-5D survey based upon the average day of their illness over the telephone, and to give the duration of influenza symptoms. Otherwise, she/he was excluded from the study. Each telephone number was called up to four times on different days before being classified as unreachable. A more detailed description of the study design has been reported in our earlier publication [9] .
Data analysis
Data analysis was performed using R version 3.0.3 [13] . Responses to the EQ-5D descriptive system were converted into health utilities using China-specific tariffs developed using regression models fitted to time trade-offs for respondents presented with different health states [14] . A range of models were fitted by the authors of Chinese time trade-off values for EQ-5D health states (Value Health 2014); we used the tariffs corresponding to the model using ordinary least squares regression on aggregate data, which had the lowest adjusted R 2 of all the models (i.e., the "N3 model") [14] . The model includes 11 dummy variables for specifying the problems in a health state: 1) with the MO2, SC2, UA2, PD2 and AD2 terms being 1(0) for the presence (absence) of moderate problems in mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, respectively; 2) with MO3, SC3, UA3, PD3 and AD3 terms being 1(0) for the presence (absence) of extreme problems in these dimensions; 3) with N3 term being 1(0) for the presence (absence) of any extreme problems; 4) coefficients for MO2, SC2, UA2, PD2, AD2, MO3, SC3, UA3, PD3, AD3 and N3 were 0.099, 0.105, 0.074, 0.092, 0.086, 0.246, 0.208, 0.193, 0.236, 0.205, 0.022, respectively; 5) with a constant coefficient being 0.039 [14] . Utility scores were then converted into QALD losses by multiplying the difference in health utility during the influenza episode from background health utility by the reported duration of illness. The health utility of general population across China was not available. We used the average (0.86) of background health utility of rural residents in western China [15] and influenza patients from other countries (UK and Spain) [5, [15] [16] [17] as controls to compare with that of influenza patients in our study (more details shown in Additional file 1).
Results were stratified by age, gender, risk status (high risk patients refer to those with underlying medical conditions including: chronic respiratory disease, asthma, chronic cardiovascular diseases, diabetes, chronic liver disease, and chronic renal disease, etc. Other patients without these underlying diseases are low risk patients [3] ), urban or rural residence (as previously defined [9] ), economic development region (East, Central, and West) (see Additional file 2: Fig. S1 ) [18] , hospital level (distinguished by numbers of beds, health-care workers, facilities and equipment, etc., as previously defined [9] and details also shown in Additional file 3), and virus type (influenza A, influenza B, and influenza untyped, with the latter corresponding to samples for which influenza virus typing was not conducted).
We used bootstrap multiple linear regression (with 1000 replications) to analyse the determinants of the VAS score, as well as health utility and QALD loss calculated from the descriptive system, in other words, to evaluate the role of socio-demographic (e.g., age and gender) and other variables (e.g., risk status, influenza type) on the rating of VAS score, health utility and on QALD loss. The Chi-Square test or Fisher's Exact test were used for qualitative variables. It was found that population structure (by age group and levels of hospitals) of included patients was significantly different from that of other influenza patients from the National ILINet (details shown in Additional file 4: Table S1 ). Hence we calculated the weighted HRQoL of included patients using the population structure of the surveillance network as a reference.
Results

Characteristics of enrolled patients
Of 39,968 laboratory-confirmed influenza patients registered in the National ILINet, 11,098 influenza patients with telephone numbers registered were eligible, and 778 patients who were successfully interviewed (529 outpatients and 249 inpatients) were included in the analysis. Statistically significant differences in age and hospital level but not in gender and region were observed between included (n = 778) and excluded influenza patients (n = 39,190) from the surveillance network (Additional file 4: Table S1 ). Further details including a flow diagram of participant selection have been previously published [9] .
The median age of included respondents was seven years (interquartile range, IQR 3-15), with 589 (75.7%) respondents younger than 16 years of age. 438 (82.8%) outpatients and 166 (66.7%) inpatients were from urban areas. 117 (22.1%) outpatients and 131 (52.6%) inpatients had underlying medical conditions. 271 (51.2%) outpatients and 113 (45.4%) inpatients were from East China. (Table 1) The average duration of an influenza episode was 6.2 (standard deviation, SD 3.5) days and 11.8 (SD 7.5) days respectively for influenza outpatients and inpatients.
EQ-5D dimension results
Both influenza outpatients and inpatients reported problems on all five dimensions measured in the EQ-5D. Problems with pain/discomfort (71.8% of outpatients and 71.9% of inpatients) and anxiety/depression (62.0% of outpatients and 75.1% of inpatients) were the most commonly reported. Relatively fewer patients (below 40% of both outpatients and inpatients) reported problems with mobility, self-care, and usual activity. The proportions of patients reporting severe problems on any dimension were quite low (below 10%, apart from pain/ discomfort). Problems with pain/discomfort and anxiety/ depression were also the most commonly reported across different strata of patients. (Fig. 1) .
HRQoL of influenza patients
Average values for VAS, health utilities and QALD losses for both inpatients and outpatients are shown in Table 2 . The HRQoL of inpatients was significantly worse on all three measures (p < 0.05). When weighted by population structure (in terms of age and hospital level), the reported HRQoL of outpatients and inpatients changed slightly. Multiple linear regression indicated having underlying diseases was significantly associated with greater QALD losses in both outpatients and inpatients (p < 0.05). In addition, being female or from West China was significantly associated with greater QALD losses in outpatients, and less QALD losses observed in influenza A inpatients. More details were presented in Tables 3 and 4 .
There were 35 (6.6%) influenza outpatients and 56 (22%) influenza inpatients younger than 18 months. The mobility and self-care domains of these patients were not elicited, and were given scores corresponding to no problems and severe problems respectively in the baseline analysis and sensitivity analysis. HRQoL measures were much more severe in the sensitivity analysis in both outpatients (health utility 0.1651, QALD loss 5.05 compared to health utility 0.6235, QALD loss 1.78) and inpatients (health utility 0.1556, QALD loss 8.72 compared to health utility 0.6152, QALD loss 3.11). However, due to the small proportions of these younger patients, we found that the uncertainty in their mobility and self-care domains had slightly impact on HRQoL for all outpatients (health utility 0.5838, QALD loss 1.84 compared to health utility 0.6142, QALD loss 1.62) and inpatients (health utility 0.4817, QALD loss 4.77 compared to health utility 0.5851, QALD loss 3.51).
In patients aged 16 years and above, there were no significant differences in VAS, health utility or QALD loss between those who filled in the EQ-5D for themselves and those who had it filled in by proxy (p > 0.05). (Additional file 5: Table S2 ).
Discussion and conclusion
This is the first study to explore the HRQoL impact of influenza in China. We found influenza was associated with a mean QALD loss of 1.62 in outpatients and 3.51 in inpatients. In the children younger than five years, the QALD loss during an influenza episode was 1.72 days for outpatients and 3.51 days for inpatients (see Tables 3  and 4 ). This is similar to the HRQoL impact of other acute infectious diseases of national importance in children such as enterovirus 71-associated hand, foot and mouth disease (with QALD loss of 1.31-2.99 days for outpatients, and 5.44 days for inpatients [19] ). Although the duration of influenza symptoms is much shorter, the health utility of patients during an acute influenza episode (≥60 years old: 0.4128-0.5733, and 16-59 years old: 0.4913-0.5939) is worse than that of patients with chronic diseases such as diabetes (≥60 years old: 0.865, and 18-59 years old: 0.902 [20] ) and active chronic hepatitis B (≥18 years old: 0.773 [21] ). Some of the influenza patients included in our analysis may have complications. It was expected that HRQoL of complicated influenza patients was worse than that of uncomplicated influenza. However, we were unable to distinguish HRQoL between influenza patients with and without complications since the complications were not available for the patients from ILINet. The HRQoL stratified by complicated and uncomplicated influenza patients merit further investigation in the future. We used the standard EQ-5D instrument (telephone version) for 76.0% of adult patients aged 16 years and above who could be reached by telephone, and used the EQ-5D telephone-based proxy version for 24.0% of adult patients for whom only the caregivers' contact Fig. 1 Ratings by EQ-5D dimension for influenza outpatients and inpatients. Not scored: For all the influenza patients younger than 18 months, the mobility and self-care dimensions were not scored and assumed to be no problem in the baseline analysis of health-related quality of life a QALD: quality-adjusted life days b Weighted: Previous analysis showed that population structure (by age group and levels of hospitals) of included patients was significantly different from that of other influenza patients from the National ILI Surveillance Network [Additional file 4: Table S1 ]. Hence we calculated the weighted HRQoL of included patients using the population structure of the National ILI Surveillance Network as a reference information is available and for all children younger than 16 years of age. We compared the HRQoL of adult patients between the self-reported and proxy-reported groups, and found that the EQ-5D telephone-based proxy version gave similar values of HRQoL when compared to the standard EQ-5D telephone version for adult patients (when factors like age, gender, presence of underlying diseases were controlled for). Previous publications found that proxy EQ-5D responses only had a mild to moderate agreement with the patients' responses [22] [23] [24] [25] [26] . Compared to them, our study seems to have performed better in this respect than other proxy studies. We note that the EQ-5D is generally thought to be valid only for populations older than 12 years and the EQ-5D-Y only for children older than 8 years [27] . For other younger children, the reliability and validity of child-report health information are often questinable due to their developmental stage, language ability, and congitive functioning [28] . Therefore, we used the EQ-5D proxy version as an alternative in this study to rate the quality of life for all children.
A study on the effect of measles on HRQoL in UK found that 40% and 70% of proxy respondents did not answer the mobility and self-care dimensions respectively in the EQ-5D questionnaire to evaluate a young child's HRQoL [12] . Therefore, the mobility and selfcare dimensions for influenza patients younger than 18 months were not scored in our telephone survey. Sensitivity analysis showed that the HRQoL for these outpatients younger than 18 months varied greatly when these younger children were assumed to be severe problem compared to no problem. However, the overall HRQoL of all influenza outpatients and inpatients was not sensitive to variations in this assumption due to the small proportions of patients younger than 18 months in the surveillance network datasets.
Compared to influenza patients from the National ILINet who did not participate in the study, more influenza patients included in our analysis were younger than 16 years old (75.7% vs. 61.1%). Due to unavailability of characteristics of all influenza patients at a national level, we could not precisely determine how well our sample represents all influenza patients in China and not generalize our results to that at the national level. Instead, we weighted HRQoL of included patients using the population structure of the National ILINet as a reference, in order that our results could represent the HRQoL of all influenza patients registered in the National ILINet. Moreover, the multiple linear regression showed that no significant differences in HRQoL was observed between age groups (Tables 3 and 4) . Thus, even if the children were over-represented, it would not have a big impact on the HRQoL of overall study participants. Another point of concern was that the high-level hospitals were overrepresented in the surveillance system, which do not cover basic medical institutions [9] . Patients with severe influenza are more likely to seek medical care in high-level hospitals than those with mild influenza who prefer basic medical institutions or practice self-care at home. Accordingly, patients with severe influenza may be overrepresented in our survey, which may result in an overestimation of the impact of influenza on HRQoL.
This study has several limitations. First, we asked respondents to evaluate their average HRQoL of all days during their influenza episode (other than that for a specific day like the worst day for the illness) and assumed that the health utility dropped to this level from day one of infection and remained constant, then returned to its highest level upon recovery. It was likely the study participants rated the impact of influenza infection on HRQoL for the worst day of infection instead. In this case, we assumed that the impact of influenza infection on HRQoL can be described by a triangular shape, which means the health utility linearly dropped to the worst level, and then linearly increased to the highest level. This reduced the QALD loss by half. Ideally, we would collect HRQoL information prospectively from patients, which would allow us to take several measurements to track how HRQoL changes over the course of the influenza episode, allowing more accurate estimation of QALD loss. Further prospective studies in the direction should make sense.
Second, it was impossible for us to rate the background health utility before influenza infections in the retrospective study, and there were no datasets measuring the HRQoL of the general population across China that could be used as controls to compare with our sample of patients with influenza. Hence, we calculated the QALD losses of influenza patients based on the difference between their health utility and the average of other populations (health utility: 0.86) [5, [15] [16] [17] . Due to the potential difference of health status and cultural perceptions between our study population and rural residents in western China as well as population from other countries, the estimation of QALD losses would be biased. As aforementioned, future prospective studies with several measurements during and after an influenza episode is necessary.
Third, since National ILINet report patients with elevated temperature. However, a substantial population of influenza patients aged 60 years old and above do not have fever [29, 30] . That may be related to the very low proportion (4.1%) of elderly influenza patients reported in the surveillance network [9] , and accordingly result in limited number (n = 19, 2.4% of all study population) of elderly participants in our study. Because the elderly were more likely to have underlying medical conditions which have been found to be significantly related with greater QALD losses in this study, we may underestimate the impact of influenza on HRQoL with limited number of elderly participants.
Fourth, our respondents may have been subject to recall bias since they were asked to complete the EQ-5D retrospectively (The time between the influenza episode and interview was less than 46 days for 50% of our study participants [9] ) rather than during their episode. We split study population into four groups on the basis of the 25th, 50th, 75th and 100th percentiles of the time delay between survey and the actual influenza episode, and did not found significant difference in HRQoL between them (data shown in Additional file 6: Table S3 ). Lastly, a high proportion (32%) of participants were influenza inpatients in our study. It was found that the HRQoL of influenza inpatients was much more impacted in comparison with influenza outpatients, with worse health utility and higher QALD loss. It revealed that more severe influenza patients may be more willing to take part in the survey. That maybe probably because they have a deeper insight and memory into the episode of influenza infection. The possible selection bias may lead to overestimating the health impact of influenza infections.
Despite these limitations, this study is the first attempt to measure the HRQoL of influenza patients in China. Influenza illness had a substantial impact on HRQoL. Our findings are important inputs for burden of disease studies and health economic evaluations of influenzarelated interventions such as vaccination. These in turn are essential to inform decision making on the distribution of health care resources, since they enable comparisons between diseases of varying incidence and severity.
